We present reddening maps of the Large Magellanic Cloud (LMC) and Small Magellanic Cloud (SMC), based on color measurements of the red clump. Reddening values of our maps were obtained by calculating the difference of the observed and intrinsic color of the red clump in both galaxies. To obtain the intrinsic color of the red clump, we used reddenings obtained from late-type eclipsing binary systems, measurements for blue supergiants and reddenings derived from Strömgren photometry of B-type stars. We obtained intrinsic color of the red clump (V − I) 0 = 0.838 ± 0.034 mag in the LMC, and (V − I) 0 = 0.814 ± 0.034 mag in the SMC. We prepared our map with 3 arcmin resolution,
covering the central part of the LMC and SMC. The mean value of the reddening is E(B −V ) LMC =0.127 mag and E(B −V ) SMC =0.084 mag for the LMC and SMC, respectively. The systematic uncertainty of the average reddening value assigned to each field of our maps is 0.013 mag for both Magellanic Clouds. Our reddening values are on average higher by 0.061 mag for the LMC and 0.054 mag for the SMC, compared with the maps of Haschke et al. (2011) . We also compared our values with different types of reddening tracers. Cepheids, RR Lyrae stars, early-type eclipsing binaries and other reddening estimations based on the red clump color on average show reddenings consistent with our map to within a few hundredths of magnitude.
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Introduction
The Large Magellanic Cloud (LMC) and Small Magellanic Cloud (SMC) are dwarf galaxies, the most massive satellites of the Milky Way. Because of their proximity and stellar populations, they are important objects to study a large variety of astrophysical phenomena. Both galaxies have been the targets of numerous optical surveys, like the Massive Compact Halo Objects (MACHO) survey (Alcock et al. 2000) , the Optical Gravitational Lensing Experiment (OGLE, Udalski et al. 2008a,b) or the VISTA Magellanic Cloud (VMC) survey (Cioni et al. 2011) . LMC plays a crucial role for the distance scale, as the distance to the LMC is used to calibrate the zero-point of the brightness of different standard candles, like Cepheids (Macri et al. 2015) or the tip of the red giant branch (Górski et al. 2018; Madore et al. 2018) . Those calibrations play a fundamental role in the Hubble Constant value determination (Freedman et al. 2001; Freedman et al. 2019; Riess et al. 2016; Yuan et al. 2019 ). Both galaxies are also the subject of stellar populations and 3D structure studies (Ripepi et al. 2012; Jacyszyn-Dobrzeniecka et al. 2017) . In recent years both Magellanic Clouds were the subject of intense scrutiny of the Araucaria Project (Gieren et al. 2005) , which led to a precise distance determination for both galaxies (Pietrzyński et al. 2013; Graczyk et al. 2014; Pietrzyński et al. 2019 ), a determination of the Cepheid period-luminosity relation dependence on metallicity ( Wielgórski et al. 2017; , the determination of precise fundamental physical parameters of eclipsing binary systems containing red giants (Graczyk et al. 2018 ) and a calibration of a new method to use blue supergiant stars as extragalactic distance indicators (Urbaneja et al. 2017) .
For all these studies it is important to properly take into account the effect of interstellar extinction, which is caused by dust located in the Milky Way and within the LMC or SMC. Since extinction is dependent on the wavelength (A λ ), it changes the observed colors of the stars by shifting the color toward red. The difference of the true and observed colors of the stars is known as the color excess or reddening E(λ 1 − λ 2 ) = A λ 1 − A λ 2 . The connection of the extinction in the visual band A V and the color excess E(B − V ) is known as the reddening law. In 1989 Cardelli et al. found that the reddening law can be approximated with just one parameter, R V , which is defined as the ratio of total-to-selective extinction
Because in different regions of the LMC and SMC we can expect different dust contents, different distributions of dust grain sizes and chemical composition, the reddening and reddening law can vary within both galaxies. However, a number of studies have shown that for the diffuse interstellar medium for the optical and near-infrared part of the spectrum, extinction curves have a similar shape and the mean value of the reddening law is R V =3.1 (Cardelli et al. 1989; Pei 1992; Weingartner & Drain 2001; Fitzpatrick & Massa 2007; Schlafly & Finkbeiner 2011) .
Measurements of the reddening are performed with various techniques. Zaritsky (1999) obtained reddening from fitting the effective temperature, the luminosity and the extinction to the four-filter photometry of a large number of stars in the LMC. Pejcha & Stanek (2009) measured difference of the observed and intrinsic colors of RR Lyrae stars. Inno et al. (2016) used multiwavelength apparent distance moduli to fit reddening and true distance for individual Cepheids in the LMC disk. Larsen et al. (2000) measured individual reddenings for B-type stars in the LMC and SMC based on the Strömgren uvby photometry. Urbaneja et al. (2017) determined reddening, extinction, and R V values for a large number of blue supergiant stars in the LMC. Taormina et al. (2019) , Bonanos et al. (2011) and Groenewegen & Salaris (2001) obtained reddening for early-type eclipsing binary systems in the LMC.
One of the most important methods used to measure reddening is based on the red clump color excess, that is the difference of the observed and unreddened, intrinsic mean color of the red clump stars Udalski et al. (1999) measured red clump color excess in both Magellanic Clouds based on the OGLE II photometry. To obtain red clump (V − I) 0 intrinsic color in the LMC, they used reddening measurements for the NGC 1850 and NGC 1835 stellar clusters, and reddening determined to HV 2274 eclipsing binary system. Olsen & Salyk (2002) used red clump stars to obtain differential reddening to 50 fields located in the LMC disk. In this case the intrinsic color (V − I) 0 = 0.92 mag was adopted, to match the mean value of Schlegel et al. (1998) Galactic reddening map toward the LMC. We have to note that Galactic reddening toward LMC was not measured, but interpolated from surrounding regions on the sky (Schlegel et al. 1998) . If this value is used to obtain total reddening toward objects in the LMC, the reddening is systematically underestimated by the value corresponding to the intrinsic dust content in the LMC. The (V − I) 0 = 0.92 mag intrinsic red clump color was used also by Subramaniam (2005) and Haschke et al. (2011) . Both reddening maps, as a consequence, show systematically lower values of reddening, compared to Udalski et al. (1999) reddening maps. Usually the correction to obtain the correct value of the reddening for the Magellanic Clouds is achieved by applying a small offset, that has to be added to the values presented in the Haschke et al. (2011) maps (Pietrzyński et al. 2013; Graczyk et al. 2014 Graczyk et al. , 2018 Gieren et al. 2018) . These offset values are usually based on a comparison with other measurements of the reddening for specific stars or fields. Not including this correction result in a systematic error of numerous studies. Underestimation of the reddening as a consequence can lead to underestimation of the absolute magnitude of standard candles. Tatton et al. (2013) prepared a detailed reddening map of the central region of the LMC, containing 30 Doradus, based on the E(J − K) red clump color excess. The intrinsic (J − K) 0 color was obtained with the star formation history. Choi et al. (2018) measured E(g − i) color excess of the red clump stars covering 165 deg 2 of the LMC disk. To obtain the intrinsic (g − i) 0 color of the red clump, they measured color in the outer regions, assuming negligible internal dust contribution in those fields. The (g − i) 0 color was derived with E(B − V ) = 0.065 mag reddening originating from Schlegel et al. (1998) Galaxy reddening maps. Authors used three different values of the intrinsic color of the red clump, depending on the distance from LMC center. The change of the intrinsic color of the red clump is interpreted as a result of different metallicity and age of the red clump stars in the central regions and in the outer regions. The (g − i) 0 value, that was used to obtain color excess in the LMC bar, was however derived from fields located more than 2 deg from the center of the LMC.
In this paper we decided to prepare reddening maps of the central regions of the LMC and SMC based on the red clump color, with (V − I) 0 intrinsic color derived from various reddening tracers. Potential discrepancies of the (V −I) 0 intrinsic color, obtained for different methods can reveal systematic differences of the reddening affecting different type of stars.
Our paper is organized as follows. In section 2 we present our previous reddening measurements, and measurements available in the literature. For each of the objects with known reddening we calculate apparent (V − I) color of the red clump, and use both values to obtain intrinsic, unreddened (V − I) 0 color of the red clump separately in both Magellanic Clouds. In subsection 2.2 we calculate red clump E(V − I) color excess for a number of fields covering both Magellanic Clouds. In section 3 we discuss our results and uncertainty of our measurements. We compare our maps with other measurements and discuss internal dust contribution and tracer dependant reddening. We also discuss (V − I) 0 intrinsic color of the red clump stars, its variation over the LMC plane and the impact of the reddening law on our maps. Finally, in section 4 we summarize our results.
Reddening measurements and red clump color measurements
To calculate the intrinsic (V − I) 0 color of the red clump in the LMC and SMC, we selected a number of reddening measurements to single stars or fields in both galaxies. We used three different reddening tracers: late-type eclipsing binaries, blue supergiants, and B-type stars. Other measurements mentioned in the introduction were used to compare reddening values, and investigate potential dependence of the reddening on different types of tracers. Recently, Graczyk et al. (2018) published a catalog of fundamental physical parameters of 20 late-type eclipsing binaries in the LMC. The authors were able to measure the interstellar extinction in the direction to each of the target systems with two methods. The first method is based on the comparison of the effective temperatures derived from the atmospheric analysis and observed (V − I) and (V − K) colors of each system. The color excess is interpreted as the total reddening toward those stars. The second method uses a calibration of the equivalent width of the interstellar absorption Na I D1 line and a gas quantity in the line of sight with a gas-to-dust ratio to estimate reddening (Munari & Zwitter 1997) . In principal, the Magellanic Cloud intrinsic gas content and Galactic component are separated in the velocity space. Those measurements were performed in selected orbital phases of the systems, to ensure sufficient separation of the galactic lines from stellar lines in the spectrum. The same technique was used previously (Graczyk et al. 2014 ) to obtain reddening values toward four eclipsing systems in the SMC. The coordinates and reddening values toward analyzed systems for both Magellanic Clouds are reported in Table 1 . Urbaneja et al. (2017) analyzed high quality spectra for nearly 90 blue supergiant stars in the LMC from which they were able to obtain the visual extinction (A V ), reddening E(B −V ) and reddening law R V . They compared predicted spectral energy distribution with the observed one, based on the observed photometric colors and magnitudes. The authors decided to report only line-of-sight values, and do not consider separated contributions for the Milky Way and the LMC. E(V − I) color excess obtained from measurements obtained by Urbaneja et al. (2017) are reported in Table 2 . Schiller (2010) used similar technique to obtain E(B − V ) color excess for 31 objects in the SMC. In this case, however, the reddening was obtained with fixed reddening law R V = 3.1. Reddenings obtained for objects in the SMC are listed in Table 3 . Larsen et al. (2000) are summarized in Table 4 . Figures 1 and 2 present location of the reddening tracers in the LMC and SMC, reported in this section.
Intrinsic color of the red clump
To obtain (V −I) color of the red clump stars, we selected from the OGLE-III photometric maps (Udalski et al. 2008a,b) stars in the 5 × 5 arcmin fields centered on the reddening tracers. In the next step we constructed color-magnitude diagram, and selected red clump stars based on the (V − I) color and I-band magnitude. In each case, the selection was done manually, but usually the red clump is enclosed in the 0.5 < (V −I) < 1.6 color and 17 < I < 19.5 magnitude range. The average photometric uncertainty for the red clump stars is 0.03 mag for V-and I-bands. Figure 3 presents exemplary I-band vs. (V − I) color-magnitude diagram of stars in the 5 × 5 arcmin field centered on system LMC-ECL-06575. For each field we prepared a histogram of the (V − I) colors of selected stars. Finally, with the least squares technique we fit function (1) to the histogram of the (V − I) color,
Fitted function is composed of a Gaussian representing the red clump stars and a secondorder polynomial approximating the stellar background (e.g. RGB stars). The n(k) is the number of stars in each (V − I) histogram bin of the k color. The σ RC is the spread of red clump stars colors, N RC corresponds to the number of red clump stars in the histogram and k RC parameter is the mean color of the red clump stars. Measured mean colors of the red clump are reported in Tables 1, 2, 3 and 4. Exemplary histogram of the red clump stars in the field centered on the LMC-ECL-06575 system with fitted function (1) is presented on Figure 4 . For each field with measured (V − I) RC color of the red clump we calculated intrinsic, unreddened (V − I) 0 color of the red clump, by applying reddening measured with the reddening tracer located in this field. Following total-to-selective extinction for the Landolt V-and I-bands based on Cardelli et al. (1989) 
For the blue supergiants in the LMC, the procedure was slightly different. From the total number of 90 objects presented by Urbaneja et al. (2017) we measured red clump color only for 33 objects. We rejected a number of objects, which were located in a region with high reddening values or were outside the coverage of the OGLE-III maps. For each of the remaining objects, we decided to calculate E(V − I) color excess directly from the monochromatic E(4405-5495) color excess with the R 5495 reddening law values, obtained by Urbaneja et al. (2017) . Calculated values of the E(V − I) are reported in Table 2 . The R 5495 and E(4405-5495) values were obtained thanks to the courtesy of the authors. In Tables 5 and 6, we present the mean (V − I) 0 unreddened color of the red clump, calculated separately for each method, for both Magellanic Clouds. We also report the spread of calculated intrinsic color of the red clump within each method in Tables 5 and 6.
Values of the intrinsic color of the red clump stars obtained with different reddening tracers are consistent with each other to within a few hundredths of magnitude. The differences can be fully attributed to systematic errors of reddening determination of each method. Therefore, we decided to adopt the mean of the values obtained for each method as the intrinsic (V − I) 0 color of the red clump.
For the SMC we calculated the intrinsic color of the red clump as the mean of the (V − I) 0 colors obtained for each method, which are presented in Table 6 . SMC : (V − I) 0 = 0.814 mag (std = 0.015 mag)
We note that (V − I) 0 intrinsic colors were obtained with the reddening law R V =3.1. The reported spread (std) is calculated as the standard deviation of the intrinsic colors obtained with different methods.
Reddening Maps
Our reddening maps are based on the (V − I) red clump color measured in 3 × 3 arcmin fields covering central regions of the LMC and SMC. For each field we selected red clump stars from the color-magnitude diagram. In the first step, we selected stars of I-band magnitude in the range of 16.5 to 19.5 mag and (V −I) color from 0.5 to 1.5 mag. In the next step we fitted function (1) to the histogram of the color. We obtained the mean (V − I) RC color of the red clump with corresponding uncertainty, spread of the red clump stars colors (σ RC ) and number of red clump stars in the field (N RC ). Based on the calculated mean color and spread of the color of red clump stars, selection box was slightly adjusted. Following Choi et al. (2019) , we decided to use polygon (tilted box -e.g. Figure 3 ) for magnitude and color selection. The selection boundary roughly follows the reddening vector, and secures smaller contamination of selected stars with background red giant branch stars. Then the fitting procedure was repeated. The correction for each field was smaller than 0.02 mag. For the SMC, the initial magnitude selection range was shifted by 0.5 mag.
To obtain the E(V − I) color excess we calculated the difference of the apparent (V − I) RC color of the red clump and the adopted intrinsic (V − I) 0 color, separately for both Magellanic Clouds. We used Cardelli et al. (1989) Figures 5 and 6 present reddening maps calculated for the LMC and SMC, with the 3 arcmin resolution. Table 7 and 8 show the format of our maps. For a number of fields located in the outer part of our maps, the number of red clump stars was below 30. We decided to reject those fields, since low number of red clump stars can result in a systematic error of the derived parameters. Reddening in those regions can be obtained from maps with lower spatial resolution, available online with the 3 arcmin resolution maps ( https://araucaria.camk.edu.pl/index.php/magellanic-clouds-extinction-maps ).
Discussion
Our 3 arcmin resolution maps ( Figure 5) show the clumpy and filamentous nature of the reddening in the LMC. The minimal reddening obtained for the LMC is E(B − V ) = 0.05 mag and can be interpreted as the Galactic reddening toward LMC. The mean value of the reddening is E(B − V ) = 0.127 mag and reaches maximum E(B − V ) = 0.4 mag in the fields of star forming regions close to 30 Doradus. Another region with slightly higher reddening values is present for fields between RA 04 h 30 m and 05 h 00 m , extending south from 68 • declination. This particular feature will be discussed later in this section. The median number of red clump stars in fields is 164, and reaches more than 1500 stars in the LMC bar. Median uncertainty of the calculated mean color of the red clump is 0.003 mag, and for 97% of fields is below 0.01 mag.
For the SMC, the minimal reddening is E(B − V ) = 0.04 mag, and mean reddening is E(B − V ) = 0.08 mag. The maximum value is E(B − V ) = 0.227 mag. The median number of red clump stars in the SMC is 116 with maximum 1000 in the central part. Median uncertainty of the calculated mean color of the red clump is 0.03 mag, and for 95% of fields is below 0.01 mag.
As the systematic uncertainty of the mean reddening values in each field of our maps we adopt the spread, calculated as the standard deviation of average values of the (V −I) 0 colors obtained for each method, that is 0.016 mag for the LMC, and 0.015 mag for the SMC. With Cardelli et al. (1989) R V =3.1 reddening law we obtain an error of the E(B − V ) reddening 0.013 mag for the LMC. For the SMC we obtain 0.011 mag, but conservatively we adopt 0.013 mag as the uncertainty of the mean reddening. The adopted systematic uncertainty of our maps does not include the potential variation of the red clump color within LMC or SMC. This problem is discussed in the following subsection.
Internal reddening in the LMC
In 2009 Subramanian & Subramaniam used the spread of the I-band magnitude and color of the red clump stars to calculate internal reddening in the LMC. Dust located in front of the LMC should change only the mean color of the red clump. Dust located in the LMC, changes mean color, but also increases the spread of the color of red clump stars. Figure 7 and 8 show a map of the color spread of the red clump stars σ RC . Regions with the high values of σ RC can be identified as the regions of high reddening values in both Magellanic Clouds. However, our attention draws that slightly higher reddening values in the LMC, visible for fields between RA 04 h 30 m and 05 h 00 m , extending south from 68 • declination is not visible in this case. It suggest that this higher value of the reddening is caused by dust located in front of the LMC, possibly in our Galaxy, which was also discussed by Haschke et al. (2011) .
Comparison with other reddening determinations
We compared our maps with different reddening measurements, obtained for the LMC and SMC. Bonanos et al. (2011) measured reddening toward the O-type massive eclipsing binary system LMC-SC1-105. The reddening and reddening law were obtained by computing the (B − V ) 0 intrinsic color of the system from the atmosphere model, and fitting optical and near-infrared photometry with the Cardelli et al. (1989) reddening law parametrization. While the best fit has reddening law value R V =5.8 with corresponding reddening E(B −V ) = 0.11 ± 0.01 mag, authors provide also reddening value E(B − V ) = 0.18 mag for fixed R V =3.1. From our maps we obtain reddening value E(B − V ) = 0.141 mag. Groenewegen & Salaris (2001) based on the UV/optical spectrum and optical data obtained reddening toward the HV 2274 eclipsing binary system in the LMC, E(B −V ) = 0.110 mag. Reddening value calculated from our maps is E(B − V ) = 0.119 mag, and agrees very well with this measurement. Taormina et al. (2019) analyzed two early-type eclipsing binaries in the LMC: BLMC01 and BLMC02. For both systems reddening was measured with the Na I sodium line. Authors obtained reddening E(B − V ) = 0.187 mag for the BLMC01 and 0.088 mag for BLMC02. From our reddening maps we obtain E(B − V ) = 0.211 mag for BLMC01 and 0.0887 mag for BLMC02. We also compare our maps with results obtained for the NGC 1850 and NGC 1835 star clusters (Walker 1993; Lee 1995) . For the NGC 1850 cluster, reddening E(B −V ) = 0.15 mag was obtained with the UBV photometry. Our maps provide E(B − V ) = 0.14 mag. For the NGC 1835 cluster, reddening E(B − V ) = 0.13 mag was obtained. Reddening obtained with our maps is E(B − V ) = 0.12 mag.
Another comparison is made with the Inno et al. (2016) reddenings estimated for individual Cepheids. From the total of 3924 Cepheids we were able to calculate reddening for 1133 objects from our maps. We selected fundamental pulsators with V-band magnitude brighter than 18. The mean difference between our values and reddening values of Inno et al. (2016) 
are reddenings calculated in this paper, and E(B − V ) I16 are the values calculated by Inno et al. (2016) . Figure 9 shows histogram of the reddening difference. The 0.087 mag spread of the reddening difference can be caused by large errors of reddening measurements for single Cepheids, spread of the reddenings obtained to particular Cepheids and large differences of the reddening law R V values for particular stars. We note that Inno et al. (2016) obtained reddening value with the R V value fixed to 3.2. For the first overtone Cepheids (338 objects) the mean difference of our values and Inno et al. (2016) values is 0.06 mag. Since we can not find any reason why there should be reddening difference for fundamental mode Cepheids and first overtone stars, we decided to exclude the latter ones from the comparison. Figure 10 Figure  11 shows histogram of the reddening difference. The offset visible on the histogram can be attributed to the systematic uncertainty of the intrinsic red clump (V − I) 0 color adopted in this paper, or systematic error of the RR Lyrae intrinsic (V − I) 0 color error, as the rms scatter of the color-period relation reported by the authors is 0.065 mag. Figure 12 presents spatial distribution of the difference over the LMC.
We also compared our maps with Haschke et al. (2011) reddening maps for the LMC. Haschke et al. (2011) . Histogram of the difference between our values and reddening values of Haschke et al. (2011) is presented in Figure 13 . Figure 14 presents spatial distribution of the difference over the LMC. For the SMC we obtain offset (E(B − V ) G19 −E(B − V ) H11 ) = 0.061 mag with a standard deviation of 0.006 mag. Since the reddening measurement method in this paper is very similar to measurements in the paper of Haschke et al. (2011) , small value of the spread of the difference is expected, and is caused by different red clump star selection criteria, and different numerical approach used by Haschke et al. (2011) . The 0.061 mag offset is caused by different intrinsic color of the red clump adopted by Haschke et al. (2011) , and color calculated in this paper.
Our final comparison is done with the reddening maps based on the red clump E(g − i) color excess, prepared by Choi et al. 2019 . The mean difference between our values and reddening values obtained by Choi et al. (2019) 
C19 ) = 0.008 mag with a standard deviation of 0.029 mag, where E(B − V ) G19 are reddenings calculated in this paper, and E(B − V ) C19 are the values obtained by Choi et al. (2019) . Histogram of the difference is presented in Figure 15 . Figure 16 presents spatial distribution of the difference over the LMC.
Red clump color intrinsic color
One of the results presented in this paper is the red clump intrinsic color: (V − I) 0 = 0.838 mag for the LMC and 0.815 mag for the SMC. The uncertainty of both values is 0.034 mag, including the photometric uncertainty. Those values are significantly different from the value (V − I) 0 = 0.92 mag adopted by Olsen & Salyk (2002) , Subramaniam (2005) and Haschke et al. (2011) for the LMC, and (V − I) 0 = 0.89 mag adopted by Haschke et al. (2011) for the SMC. The (V − I) 0 = 0.92 mag was however not measured, but fixed to match the mean reddening toward LMC from Schlegel et al. (1998) Galactic reddening map. Since the red clump mean color depends on age and metallicity, the lower value of the color means that the red clump is either younger or more metal poor. Subramaniam (2005) discussed that lowering of the zero-point from 0.92 to 0.82 would mean that the red clump stars have a metallicity around Z=0.001 for adopted age. Pawlak (2016) However, since the LMC bar red clump population should be younger by 2 Gyr compared to disk population, and a shallow metallicity gradient is observed in the LMC, we can expect small variation of the red clump intrinsic color over the galaxy. Choi et al. (2019) adopted different values of the (g − i) 0 red clump intrinsic color, based on distance from the galaxy center. However, in the regions covered in our maps, only one, constant value of the intrinsic color was used. Based on Girardi & Salaris (2001) synthetic population models, we can estimate that color variation should be smaller than 0.01 mag. For example, from Table 1 in Girardi & Salaris (2001) paper, for adopted metallicity Z=0.001, for age = 6 Gyr we obtain (V − I) 0 = 0.826 mag, and for age = 4 Gyr we obtain (V − I) 0 = 0.828 mag. Additionally, we can expect that for composite population of red clump stars, observed in the LMC, mean color of the red clump stars should be less sensitive to age and metallicity.
The visual inspection of the reddening differences of various reddening tracers with respect to our maps (Figures 10, 12 , and 17), does not reveal any significant trend. To investigate this in more detail, we selected tracers located over the LMC bar. The average difference E(B − V ) G19 −E(B − V ) T for tracers inside the dashed box ( Figure 17) is shifted by 0.005 mag in comparison to average value of all tracers, with the uncertainty of this value 0.006 mag. Similar selection for difference map based on the RR Lyrae stars (Pejcha & Stanek 2009 - Figure 12 ) neither show significant difference. For the Cepheid reddening difference map (Figure 10) , we calculate -0.015 mag offset. While this small offset can be arising from the systematic error of the reddening derived for the Cepheids, we conservatively estimate this value as the upper constraint for intrinsic red clump color variation caused by age and metallicity differences of the red clump stars.
Tracer dependent reddening
In order to obtain (V − I) 0 intrinsic color of the red clump, that works as the zeropoint of our maps, we used different types of reddening tracers. However, different types of reddening tracers can be affected by the reddening in a different way. Indeed, Zaritsky (1999) found that visual extinctions for stars with effective temperatures between 5500 and 6500 K is smaller by several tenths of a magnitude than for stars with temperatures greater than 12,000 K in the LMC. The reason for those differences can be the nature of the dust and gas itself -we can expect different dust contents, different distributions of dust grain sizes and chemical composition surrounding different types of stars. Another reason can arise from complex structure of tracer hosting galaxy. If different types of stars are not colocated, we should observe systematic difference of reddening. Tracer located in front of observed galaxy, will be affected by the reddening less, than those located further. Finally, differences can be caused by systematic errors of reddening determination. We see this effect for late-type eclipsing binaries. Reddenings E(B − V ) derived with the sodium Na I line is systematically lower by 0.02 mag compared to reddenings derived from the effective temperature.
Despite the fact that our adopted intrinsic color of the red clump is based on lateand early-type stars, the maximum difference between those tracers transforms to 0.02 mag difference of the E(B − V ) reddening. The calculated RMS for all type of tracers used to obtain intrinsic color of the red clump is 0.012 mag, and can be fully attributed to systematic errors of reddening determination. Further analysis can be done by comparing our reddenings with other determinations. Table 9 summarises differences of analyzed tracers relative to our maps. The only significant difference exists for the comparison with Haschke et al. (2011) reddening maps, and is the result of adopted intrinsic color of the red clump. The 0.008 mag difference obtained with the Choi et al. 2019 maps based on the red clump E(g − i) color, confirm that the red clump is affected by the reddening in a similar way as tracers used in this paper to obtain reddening zero-point. It is also worthwhile to mention that the average differences obtained for RR Lyrae stars and Cepheids are also small. We have to note, however, that distribution of reddening differences obtained for Cepheids and our map is highly asymmetrical, and should be analyzed further. We conclude this subsection by saying that we do not see systematic differences of reddening affecting analyzed in this subsection type of reddening tracers, regardless if they belong to early or late-type, neither to young, intermediate or old population.
Reddening law
The number of measurements suggests that the reddening law R V value for particular stars in our Galaxy or Magellanic Clouds can vary from 2.2 to 5.8. However, it is shown that for the diffuse interstellar medium for optical and near-infrared part of the spectrum, the mean value of the reddening law is R V =3.1 (Cardelli et al. 1989; Pei 1992; Weingartner & Drain 2001; Fitzpatrick & Massa 2007; Schlafly & Finkbeiner 2011) . In this subsection we investigate what would be the effect of a different reddening law R V value on our reddening maps. We recalculated our maps with the R V =2.7 and R V =4.5. Utilising Cardelli et al. (1989) reddening law parametrization, we obtain color excess transformation E(V −I)=1.227 × E(B − V ) for the R V =2.7, and E(V − I)=1.635 × E(B − V ) for the R V =4.5. This leads to the difference of the mean intrinsic (V − I) 0 color of the red clump. Despite the difference of the intrinsic red clump color, the differences of the average E(B − V ) reddening for the LMC are below 0.01 mag for R V 2.7, 3.1 and 4.5. Even for fields with reddening E(B − V ) > 0.15 mag, the average difference in those fields is below 0.01 mag, and is within the systematic uncertainty of our maps. The (V − I) 0 colors calculated separately for each method of reddening measurement, with the corresponding spread within each method, for R V =2.7 and R V =4.5 are reported in Table 10 .
Summary and Conclusions
We have prepared reddening maps of the LMC and SMC. To obtain reddening map of both Magellanic Clouds, we measured the apparent color of the red clump in fields containing different types of reddening tracers. For each field with measured color we calculated the intrinsic, unreddened color of the red clump, by applying reddening measured with a tracer located in this field. We used three different types of reddening tracers: early-type eclipsing binaries, blue supergiants, and B-type stars with reddening measured with a Strömgren photometry. We obtained intrinsic color of the red clump (V − I) 0 = 0.838 ± 0.034 mag in the LMC, and (V − I) 0 = 0.815 ± 0.034 mag in the SMC. Those values are smaller than (V − I) 0 = 0.92 intrinsic color used by Haschke et al. (2011) , and as a consequence result in higher values of the reddening with the offset E(B − V ) = 0.061 mag. We note that this difference transforms to 0.118 mag offset in the I-band if used directly to calibrate absolute brightness of any standard candle in the LMC. The minimal reddening obtained for the LMC is E(B − V ) = 0.05 mag and can be interpreted as the Galactic reddening toward LMC. The mean value of the reddening is E(B − V ) = 0.127 and reaches maximum E(B − V ) = 0.4 mag in the fields of star forming regions close to 30 Doradus. Our maps clearly show clumpy and filamentous nature of the reddening in the LMC. We also compared our reddenings with numerous estimations based on different types of reddening tracers. Cepheids, RR Lyrae stars, early-type eclipsing binaries and other maps based on the red clump color on average show reddenings consistent with our map to within a few hundredths of magnitude. In the SMC, the minimal reddening is E(B − V ) = 0.04 mag and the maximum value is E(B − V ) = 0.227 mag. On average the reddening in the SMC is more homogeneous and smaller than in the LMC, with the average value E(B − V ) = 0.08 mag.
The research leading to these results has received funding from the European Research Council (ERC) under the European Unions Horizon 2020 research and innovation program (grant agreement No 695099). We (W.G., G.P., D.G. and W.N.) also very gratefully acknowledge financial support for this work from the BASAL Centro de Astrofisica y Tecnologias Afines (CATA) AFB-170002. We also acknowledge support from the IdP II (Urbaneja et al. 2017) ; dots -late type eclipsing binaries (Graczyk et al. 2018 ); square -Strömgren photometry for B type stars (Larsen et al. 2000) . Positions of reddening tracers used to compare with values obtained from our map are also marked: diamondsclusters NGC 1850 (Lee 1995) and NGC 1835 (Walker 1993 Haschke et al. (2011) for the LMC. The 0.061 mag offset is clearly visible, and corresponds to the difference of the (V − I) 0 intrinsic red clump color adopted by Haschke et al. (2011) and red clump intrinsic color adopted in this paper. The 0.011 mag spread is due to different red clump star selection methods and statistical uncertainty of the measurement. for tracers inside the box is shifted by 0.005 mag in comparison to average value of all tracers. The uncertainty of this value is 0.006 mag, therefore, we conclude that there is no systematic difference of the (V − I) 0 red clump color in the bar of the LMC, and regions sampled with the remaining reddening tracers. Table 1 . Reddening values obtained from the analysis of late-type eclipsing binaries in the LMC and SMC (Graczyk et al. 2018; Graczyk et al. 2014) . In the last column we report measured (V − I) color of the red clump. (Urbaneja et al. 2017) . The E(V − I) values were obtained with Cardelli et al. (1989) reddening law parametrization with the E(4405-5495) color excess and R 5495 reddening law values from Urbaneja et al. (2017) . In the last column we report measured (V − I) color of the red clump. Table 5 . Unreddened, intrinsic (V − I) 0 color of the red clump obtained with different methods of reddening measurements in the LMC. In the last column we report the spread of the (V − I) 0 color within each method.
Method & reference (V − I) 0 standard deviation eclipsing binaries Na I (Graczyk et al. 2018) 0.854 0.028 eclipsing binaries Atm. (Graczyk et al. 2018) 0.818 0.050 blue supergiants (Urbaneja et al. 2017) 0.826 0.034 Strömgren photometry (Larsen et al. 2000) 0.857 - Table 6 . Unreddened, intrinsic (V − I) 0 color of the red clump obtained with different methods of reddening measurements in the SMC. In the last column we report the spread of the (V − I) 0 color within each method.
Method & reference (V − I) 0 standard deviation eclipsing binaries Na I (Graczyk et al. 2014) 0.831 0.022 eclipsing binaries Atm. (Graczyk et al. 2014) 0.818 0.043 blue supergiants (Schiller 2010) 0.816 0.044 Strömgren photometry (Larsen et al. 2000) 0.789 - 
